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Learning Goal: Projected changes in climate (e.g., a 4°C temperature increase) is abstract to most students. By conducting individual research projects, students gain a more concrete understanding of how projected climate change will affect something of interest to them.
Research Project: 

Choose a location (where you are from, a place that is of interest to you) and investigate how projected changes in climate will affect that area.  What are the expected changes in temperature, precipitation, storms, droughts, sea level, seasonality, etc?  How will this affect the habitat of the area (for humans, animals, and plants)?  How will this affect the local economy?  What actions can the people that live in this area take to lessen the impacts of changing climate?  Papers should: be fully referenced; be 1500-2500 words long; include at least 2 figures, and follow the format of Nature.  If applicable, you are encouraged to conduct original research (Expected for Graduate Students).  Students will present their findings in ~10 minute oral presentations, and be prepared to answer 2-3 minutes of questions from the class.  
Project Deadlines:

-Research topic proposals (I recommend having students identify their research topics early in the course.  I generally met with students individually to help them focus their research topics.  More focused research topics were more successful than broad ones that considered all aspects of climate change at a certain location.  The following are examples of previous well-focused research topics chosen by students:
Effects of climate change on:

•Potential reactivation of sand dunes, Sand Hills, Nebraska

•Reduction in the natural snow reservoir of the Cascade Mountains

•Salmonid species in Alaska

•Caribbean coral reefs

•Habitat change of the Black Howler monkey in Belize

•The Vermont Maple Industry

•Water sources in the Great Basin

•Glaciers and water resources in the Himalaya

-Research paper outline (I recommend that a detailed outline is provided by the students a ~month prior to deadlines for the first draft.  Guidelines for the outline are provided below.)
-Research references (requested proof from undergraduate students to confirm that primary literature was accessed in time to by incorporated into the project.  Students could either show me their journal articles, give me copies of the first page, or email me the pdfs they have accessed.  I do this to ensure they actually have the references (and in time to be well incorporated in their research)

-First (rough) draft (I recommend a minimum of three weeks prior to the final draft of the paper to allow time for me to make comments and the students time to make substantial revisions.  Commenting on the rough draft of the papers has been very time intensive.  When I do this in the future I intend to implement a peer review process in the class where small groups of students provide feedback on each other’s papers.  My hope is this may also encourage higher quality rough drafts. 
-Final draft (due near end of the term prior to student presentations).
-Student presentation

Recommended initial resources: I created a lab session for the students to familiarize themselves with the IPCC report for model projections of climate change up to 2100 AD (See supplementary document):
http://www.ipcc.ch/pdf/assessment-report/ar4/wg1/ar4-wg1-chapter11.pdf
http://www.ipcc.ch/publications_and_data/ar4/wg1/en/ch10.html
http://www.ipcc.ch/publications_and_data/publications_ipcc_fourth_assessment_report_wg1_report_the_physical_science_basis.htm
Guideline for research paper outline:

Title (may address location, specific topic, time period addressed. )

Example:  Impacts due to Projected Changes in Climate on the Colorado Snowpack and Associated Water Resources: Looking forward to 2100AD

I. Abstract (200-400 words).  The abstract should be a summary of the objectives and major findings of the paper.  All information contained in the abstract is also found in the text of the paper.  Remember- the abstract is a concise representation of the paper- it is how scientists decide if the paper is of interest and/or relevant to the information they are seeking.

II. Introduction (provide a context for the paper- why this topic is of importance).  The objectives of the paper should be made clear during the introduction.

A formula for a good introduction for this type of paper includes the following: 

1. why the location you have chosen is of interest/important

2. introduction to the focus of your paper

3. Climate is projected to change

4. In this paper how projected changes in climate will affect xxxx will be considered.   

III. Main Portion of the paper (Use your own header here, and sub-headers throughout the paper to make the organization clear)

For example, if my topic is Projected Changes in Climate along the Coast of Maine, I would plan on the following:

i.     Current climate and overview for the coast of Maine.

i. Projected changes in climate (temperature, precipitation, storms, droughts, sea level, seasonality).  (You may want to address the uncertainties in the projections, but because we don’t know what will happen, for this paper it is best to focus on what is currently predicted and examine how the projected change would affect climate).   

ii. Impacts of projected climate change on the location/topic you’ve chosen (habitat, water resources, economical, disease, social etc.) THIS SHOULD BE THE MAIN FOCUS OF THE PAPER

iii. Possible mitigation?
IV. Summary/Conclusions

V. References

Remember- your paper must be fully referenced!  If you present information in the paper that isn’t common knowledge or your own interpretation, I will expect to see that information referenced.  For example, in a Nature article by Ramanathan and Carmichael the following is written: “Black carbon and non black carbon aerosols perturb the hydrological cycle significantly.”   In your paper do not quote this information verbatim.  Put the information in your own words and reference the source:  Ramanathan and Carmichael (2008) report that the hydrological cycle can be significantly perturbed by black carbon and other aerosols.  Or: The hydrological cycle can be significantly perturbed by black carbon and other aerosols (Ramanathan and Carmichael, 2008), which suggests that ….. (some of your own interpretation based on other information that you’ve gathered).  At the end of your paper you will include a list of references that would contain the following information: 

Ramanathan, V., and G. R. Carmichael (2008), Global and regional climate changes due to black carbon, Nature Geoscience, 1, 221-227.

You must incorporate at least 4 journal articles from the peer-reviewed literature (academic/scientific journals). All information in the paper (from journal articles, USGS reports, websites etc.) must be appropriately referenced in the paper.

Figures and Figure Captions

Your paper should include a minimum of 3, and preferably ~5 figures.  All figures and tables should have a figure caption.  The captions should read as: Figure 1: Mean annual temperature in Washington from 1900-2005.  NOT Figure 1 shows mean annual…. 

One figure may be a location map.  A good website to make a location map is: 

http://www.aquarius.geomar.de/omc/make_map.html
When you refer to a figure in your paper, do it as:  There is a clear decline in salmon habitat since the construction of the dam (Figure 1).  Or: As demonstrated in Figure 1, there is a clear decline in salmon habitat since the construction of the dam.

Maps, data which illustrates a point you are making, and pictures all make good figures!

Writing Style (I directed students to visit our University Writing Center to get assistance in the proper style of writing for this type of paper.  After reading the rough drafts students in need of a large amount of assistance were strongly encouraged to get help at the center).
Your paper should be written in a style appropriate for a scientific journal article.  This differs greatly from the style used in a typical English class (you’re not expressing your opinion, and the style should not be overly dramatic).  The best thing to do is look at the style used in the references that you are consulting, or pick up an edition of Science or Nature and look at the style of the writing used in one of the research articles. 

Spelling, Grammar and Punctuation (5 pts) 
Other notes: Be consistent in your measurements- preferable all scientific units- km, m, etc.  Don’t mix km and miles, m and ft.  Convert units for consistency.

Final draft of paper evaluation






 Points Possible

	Abstract
	10

	Content of Paper (see guidelines as given above and below).  How well thought out and researched is your paper?  Are the thoughts well organized and presented in a logical order?  For graduate students I will be looking here for either original research or substantial synthesis of the primary literature beyond what has already been done.
	50

	Quality of scientific writing style
	10

	Appropriate References (did you consult a minimum of 4 papers from scientific journals, and have you properly cited the sources of information in the paper)  The IPCC report does NOT count as one of your sources. 
	10

	Appropriate Figures and Figure Captions included
	10

	Spelling, Grammar and Punctuation
	5

	Paper is an appropriate length (I recommended 1500-2500 words (This doesn’t include references or abstract); longer is fine as long as the paper is written succinctly).
	5


Presentations


You will have 10 minutes to present your research project in front of the class.  Plan to spend 7-8 minutes presenting your topic, with 2-3 minutes remaining for questions from the class and me.  

	Project Presentations  (15% of Grade)
	Points Possible (100)

	Quality of information presented (content)
	50

	Visual Aids
	15

	Oral Presentation Quality
	15

	Sources Cited in Presentation
	10

	Presentation in correct time limit (7-8 Minutes)
	10


